The goal of the paper was to simplify the designing process for mass and energy flow through solar collector -chimney system. Theoretical analysis allowed to get involved system of three nonlinear analytical equations in dimensionless forms that have been saved. Dimensionless numbers for the problem are well known in the literature on fluid mechanics and thermodynamics: Reynolds, Grashof, Galileo, Biot and Prandtl. In the analyzed equations are also dimensionless geometric parameters expressing the ratios of basic geometrical dimensions of the collector system-chimney: the radius disc collector to the thickness gap, the height and radius of the chimney. In the system of equations, the Reynolds number is treated as the determined number, which is a novelty of the method used.
INTRODUCTION
The air flow and associated heat transfer through solar collector -chimney system became an important topic of many research projects. Depending on the research directions, it may serve various goals, from evaluating the effect of parameters of the systems air flow by natural ventilation in the buildings through small-scale systems of electrical energy generation to its generation in full-scale systems. Many papers were published on the subject, mainly devoted to the analysis of concrete experimental projects which do not have sufficient theoretical analysis. In the existing scientific literature there is lack of simple analytical analysis of the air flow and associated heat transfer through solar collector -chimney systems. The theory is usually used to illustrate and analyze real systems than attempt to provide the simple analytical model to connected dynamics of air movement and heat transfer in the solar collector -chimney system. Solar collector -chimney system can work as a solar thermal power plant, which firstly converts solar energy into thermal energy in the solar collector to farther convert it into kinetic energy in the chimney which final electricity generation by applying the wind turbine and generator. One of the first attempts to use the solar collector systems and a chimney is the one proposed in 1903 by Isidoro Cabanyes. His work -engine design proposed the introduction of solar air heater attached to the house with chimney. The interior of the chimney was equipped with some type of rotor to produce electricity [4] . For the first time a joined system of solar collector and the chimney was designed by Schlaich in 1970 in Manzanares, Spain. Chimney height was 195 m, its diameter 10 m with collector radius 122 m. The prototype has been recognized as an experimental model on a small scale. Its final power was about 50 kW [7] . Schlaich, 1995 proposed a new approach for designing a solar collector chimney, in which the collector uses both direct and diffuse radiation and heat storage provided by soil. The construction of the solar collector and the chimney uses simple materials and technologies [13] . Considering the fact that solar chimney systems are a large role in energy supply in countries where there is abundant sunlight. Many researchers have studied this type of technology, especially in the last few decades, they have studied the production technology of thermal solar energy which is the potential applications worldwide. Gannon and Von Backstrom in 2002 proposed the use of a mathematical model of the rotor system for energy production in solar chimney systems. As show research to improve the efficiency occurs when the applied inlet guide vanes [6] , in another study examined the different crosssections along the model of a turbine blade rotors with different numbers [5] . Bernardes et al., 2003 developed a comprehensive analysis of the analytical and numerical models describing the operation of the solar collector chimney, that allow to estimate the power of solar chimneys, as well as to investigate the influence of different environmental conditions and geometrical dimensions on the power of solar chimneys. The mathematical model was validated with experimental results and was used to predict the performance characteristics of large-scale commercial solar chimneys. It turned out that the stack height, pressure drop rate in the turbine, and diameter properties are all of high importance [3] . Maia et al., 2009 analyzed the turbulent flow inside a solar chimney. Turbulent flow was modeled by the numerical solution -equation of mass, energy, and momentum. The experimental results were compared to analytical ones. They observed that the most important physical variables in a solar chimney project refer to tower dimensions. The model of the airflow proposed allows to determine the fields of velocity an temperature inside the solar chimney [9] . Tayebi and Djezzar, 2013 analyzed the thermo-hydrodynamic conditions for the air flow in natural convection conditions. Laminar steady quasi-state flow is presented in the system for established of boundary conditions. The method and fluid flow in the system were tested for two different geometries. Simulations were performed based on three values of Rayleigh number, Ra = 103, 104 and 105. The results indicate that the maximum speed at the inlet of the tower and chimney. The results of this work will allow the designer to properly locate the solar chimneys turbine [15] . Asnaghi and Ladjevardi in 2012, studied the effectiveness of solar chimney power plant in Iran. The results showed that the solar chimney system having the same dimensions as in Manzanares can produce from 10 to 28 MWh / month electricity [1] . Evaluates different environmental conditions and dimensions of the solar chimney in Iran [12] . It has been shown that the solar chimney power plant with a height of 350 m and a diameter of 1000 m collector can produce a monthly average of 1-2 MW of electricity air flow inside the chimney solar power plant are described in the work of Bernoulli's equation Hamdan 2013 [8] . Park et al. analyzed typical renewable energy systems for energy and exergy Maia et al., describe their analysis of the air flow inside the plant with the use solar chimney the experimental data [11] and [10] . There are studies based on the review on renewable energy particular solar chimney. Zhou et al. in 2010, presented the image of the research and development of solar chimney power plants in the past few years [17] . Chew and Shi presented an overview of the design on renewable energy systems, in particular, a system based on solar energy [14] . Zhai et al. provides an overview of the main configuration and integrated renewable energy systems based on solar chimneys. The results showed that solar chimney technology has been recognized as an effective and economical way to design a low-carbon buildings [16] . Banos et al. in 2011 provides an overview of the current state of knowledge in the calculation optimization methods used for renewable and sustainable energy [2] . The aim of the work is to create an analytical approach and based on it simple calculation method for solar collector-chimney systems which can generate electricity.
THE THEORETICAL MODEL OF THE SYSTEM
The theoretical model of solar collector -chimney system is shown in Figure 1 . The velocity and the derivative of the velocity in any cross-section can be described by equations (see Fig. 2 ) where C is a constant.
The above equation fulfill the boundary condition 
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From the Figure 3 we can see that the dimensionless pressure  depends only on the radius r
. From the theoretical point of view in the center of the collector the dimensionless pressure is equal the infinity. From practical point of view the radius of chimney has the finite value, so the press parameter is also finite.
The dynamics of heat exchange supported air flow
The instantaneous heat q  from the sun is transferred to the air which flows between the circular plates. The energy balance may be described by equation:
After the rejection of the higher-order small parameters in the above equation we obtain: 
(2.13)
After separation of variables to give the equation
(2.14)
the solution to this equation is 
The curve of the temperature distribution in the collector depending on the radius of the collector is presented on Figure 4 . 
The analysis of the incompressible flow in the chimney
The momentum equation of flow inside the chimney (see Fig. 1 
where the velocity in the chimney, the press parameter in the beginning of chimney, the Reynolds number, the Galilei number, the Grashof number, and two geometric parameters of the collector-chimney system can be presented respectively as: From the mass conservation principle in the solar collector -chimney system we have
The condition for the air flow in the chimney is The calculations were performed for the sample collector-chimney system. were calculated. On that basis the dimensional parameters were also calculated, which can be seen in Tab.1 (Example 1). were calculated. On that basis the dimensional parameters were also calculated, which can be seen in table 1 (Example 1). It is possible but more complicated to farther develop the theoretical design procedure to be used more accurately also for the turbulent flow of the air. In this case, the theoretical velocity distributions of the air flow in the collector channel (see Fig. 3 and Eqs. 2.4 and 2.5) and the pipe chimney should be changed. illustrate interrelationships between the height of chimney and the heat flux density and both the temperature and the velocity of the air inside the chimney. Increase of the chimney height leads to increase of inside air velocity and decrease of inside air temperature (Fig.6 ), whereas increasing heat flux density increase both the temperature and air velocity in the chimney (see Fig. 7 ).
CONCLUSIONS
In the paper the simple analytical method was developed which enables to evaluate most important characteristics of the collector -chimney system. The presented method is particularly suitable for laminar flow conditions in a collector (relatively small systems, not appropriate for electricity generation). For the turbulent flow conditions (larger systems with higher inside air velocities which can be used for small-scale electricity generation) the results are less accurate, although their accuracy still seems to be acceptable at least when first, approximate results are sufficient to be carried-out for the purpose of preliminary design evaluation of solar collector-chimney systems. The above analysis on the demonstration collector-chimney system shows in the simple way that the heat can be converted to the motion of the air. It is confirmation of both the first and the second principle thermodynamics.
NOMENCLATURE
R radius of the collector, m ; c H chimney height, m ;
